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I. PREFACE
Within the order Thysanoptera striking variations occur in
in respect tc the month-parts. The mouth parts of Thysanoptera
are asymmetrical. I v,ras impressed with this unique variation
and was thus led to look up the literature concerning the mouth-
parts of Thysanoptera. Of all the available literature at the
State natural History Library of the University of Illinois, the
two following papers proved to be the most important. fl) "The
Month-parts cf the Thysanoptera," H. Garman (1690). Jul. of
the Essex Institute, Vol. 22, p-24. (2) "On the Homologies and
Mechanism of the Mouth-parts of Hemiptera," ?. I/Iuir and J. C.
Kershaw, (1911), Psyche, Vol. 18, p-1.
H. Garman made his observations on the mouth-parts of
Limothrips cerealium Haliday, a form belonging tc the suborder
Terebrantia and on these observations decided that the asymmetri-
cal piercing organ was a mandible .while W* Muir and J. C, Ker-
shaw worked on a form belonging to the suborder lubulifera and
decided that the asymmetrical piercing organ was a portion of
the maxilla. Cn account of this difference of opinion concerning
the asymmetrical parts in the two suborders I felt that mere
work needed to be done on the subject. At the outset I felt
as I now feel, that such a morphological difference between two
closely related suborders was highly improbable. Of the two
interpretations given by the workers one must be wrong or possi-
bly both wrong. At the beginning then, my problem was to homolo-
gize, if possible, the asymmetrical parts of the two suborders.
^3
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This phase cf my work has proved to be of great interest.
However, nov: that I have taken up a portion of the ectal
morphology of Thysanoptera I do not expect to be satisfied un-
til I have completed a comparative morphological study cf the
entire skeleton of the two suborders of Thysanoptera, and from
such observations I hope to he able to get a little light on
the relation of Thysanoptera to other insects. Thus far, only
in part have I completed the task set before me. Consequently
in this preliminary report I will only give observations and
conclusions such as I feel comparatively sure of. I will not
attempt to draw any conclusions as to the relation of Thysan-
optera to other insects for I feel that I will only be justi-
fied in so doing when all the possible observations have been
made. In this report only a comparative study of the head and
mouth-parts of the two suborders will be given. The title of
the paper indicates its content.
II. METHODS
Three plants of Yucca filamentosa were transplanted to the
laboratory and kept well stocked With Ce phalothrips yuceae so
that whenever living material of this species was desired it
was at hand. One may secure living material thruout the winter,
however, from the green host plant even tho the plant may be
covered with snow. At least this was true with Cephalothrips
yuccae found on the yucca plant and Anthothrips verbasci found
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on mullein. Heliothrip's haemorrhoidalis and Thrips tabasci
were found in the city and university green houses.
To preserve Thysanoptera for stock purposes, it is best to
"kill then with toiling water and then keep them in 70 per cent
alcohol. The material used for dissection was killed in a hot
solution of potassium hydroxide ,10 per cent, and boiled for fif-
teen minutes or so and then reboiled in water and finally pre-
served in 70 per cent alcohol. This treatment puts the material
into very good shape when only the chitirized parts are desired.
The use of a Leitz binocular microscope made possible the
dissection of the minute mouth-parts. On trying a number of
media in which parts might be dissected, carbo-aniline oil proved
to he the best. Its good qualities are that it evaporates very
slowly and it will clear material from any grade of alcohol a-
bove 50 per cent and also if it is desirable to stain with sa-
frsnin or orange G. the same dissolved in 95 per cent alcohol,
may be readily mixed with the carbo-aniline oil.
Staining my dissection material with safranin proved to be
very useful in bringing out the alirost colorless mouth-parts
in the three species of Terebrantia studied. In using aniline
oil in any form one precaution must be observed and that is,
that as much as possible of the oil should be removed be! ore
mounting. This may be done with a blotter or dry rag or by
substituting carbc -xylene or xylene before mounting. If the
oil is not removed the medium in which the parts are immersed
will darken eventually. In preparing Thysanoptera for section-
ing purposes the following fixing agent proved to be very effect
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ive; 25 per cent solution of alcohol saturated With mercuric
chloride and containing 2 per cent glacial acetic acid. This
solution res poured on living material in a hot condition 80
degrees C. and allowed to act on the same for five to seven min-
utes. The thrips were then thorcly washed in water for twenty-
four hours and then preserved in 70 per cent alcohol until ready
for use. Paraffin of a melting point of 54 degrees C. proved
to "be a sufficiently firm medium in which to make sections as
thin as five micia. Plenty of time should he given in the paraf-
fin hath to allow the paraffin to thoroly infiltrate all parts
of the body. (30-45 minutes). In staining sections Ehrlicfrs
haematoxylin was used. For counter staining either orange G.
or safranin was used. The haematoxylin stains the protoplasmic
material while the orange G. or safrsnin stains the chitinous
structures
.
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IV. INTRODUCTION
Thrips "belong to the order Thysanoptera. The insects are
very small, averaging about two millimeters in length. When the
wings are present they are four in number and similar in form
and v/ith at most tro longitudinal veins and only rerely with cross
veins. The wings are fringed with long hairs and when at rest
they are laid horizontally along the back. The mouth-parts are
used for piercing and sucking. In the mouth-cone two triangular ,
flat, maxillary sclerites may be seen and each is furnished with
a palpus. The tarsi are two jointed, bladaer-like at the tips
and without claws. Thrips are considered as having incomplete
metamorphosis but they pass thru a semi -pupal stage.
The order Thysanoptera is divided into two suborders; Ter-
ebrantia and Tubulifera , the distinguishing characters cf which
are as follows .according to W. E. Hinds:
In Terebrantia the female has a saw-like ovipositor. The
terminal segment of the abdomen of the female is conical, while
that of male rarely like female but usually bluntly rounded. Fore-
wings have at least one longitudinal vein reaching from the base
to the tip of the wing.
In Tubulifera the female has no ovipositor. The terminal
segment is tubular in both sexes. Both pairs of wings are simi-
lar in structure and have only one median longitudinal vein and
this only partially developed and never reaching to the tip of
the wing.
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For my work during the past school year I have been able
to secure only seven species of thrips, and only five of these
in numbers sufficient for detailed study. Of these five species,
two, Antho thrips verbasci Osbcrn and Cephalo thrips yuccae Hinds,
belong to the suborder Tubulifera while Euthrips tritici Fitch,
Thrips tubasci Lindeman and ITeliothrips haemorrhoidalis 3cuche
belong to Terebrantia. The above were readily identified by
the use of "Contribution to a Monograph of the Insects of the
order Thysancptera Inhabiting Horth America" by W* E. Hinds,
published in the Proceedings of the United States National Muse-
um, Vol. 29, Page 79, (1902). As will be noted I have made
figures from only two of these species. As a representative of
the suborder Terebrantia I have used Heliothrips haemorrhoidalis
and for the suborder Tubulifera, Cephalothrips yuccae; these two
species being very typical of the two suborders. The principle
reason for using these particular species was on account of the
abundance of living material thrucut the school year. Cephalo-
thrips yuccae was found living in abundance thruout the winter
on its host plant Yucca filamentosa while Heliothrips haemor-
rhoidalis
,
the common greenhouse pest, could be found in the city
greenhouses at almost any time. For a description of species
used in this investigation refer to 7/. E. Hinds.
At this point a discussion of the general position of the
two suborders should be considered. It is conceded by most work-
ers that of the two suborders, Terebrantia is the most general-
ized. All female Terebrantia possess a sav.-like ovipositor which
is a generalized characteristic of insects. In the development

of yarious parts of the ectal skeleton a greater degree of speci-
alization can "be seen in the species cf Tubulifera. This is es-
pecially true in regard to the excessive development of the pair-
ed, piercing organs of the mouth.
In this introduction no attempt will "be made to discuss in
full the problems of this paper. I wish simply to mention that
in the following pages I have described and compared in detail
the head and mouth-parts of the two species figured, and an at-
tempt has been made to settle the relation existing between the
two suborders in respect to the asymmetrical parts even tho my
observations have only been on a very limited number of thrips.
For the discussion of this particular phase of this investigation |
see remarks under the following heading: Internal Head-skeleton,
I.Taxillae, Mandibles and Conclusions. Of the described mouth-
parts particular attention has been given to the structure and
function of the pharynx. In the description of the two forms
used as types of the two suborders, detailed comparisons will be
made. In compering the fixed parts of the head I will describe
the Tubulifera first and compare them with Terehrantia while as
regards movable parts it has been found more convenient to des-
cribe the species of Terebrantia first.
V. FIXED PARTS CF THE HEAL
Head-capsule cf Thysanoptera. - In the order Thysanoptera
the gross arrangement cf the head and mouth structure is homolo-

-6-
gous with the gross arrangement of the head and mouth structures
of a generalized homopteron (Fig. 3, C and D). The mouth parts,
which form a short projecting cone, are located just in front of
or "between the prothoracic legs and attached to the caudo-ventral
portion of the head-capsule; while the antennae are located at
the extreme cephalic end cf the head between the compound eyes
(Fig. 1,2, A. and B . ) . In these characters we see the homology
between the head and mouth parts of a thrips and those of a gen-
eralized hcmopterous insect.
Head structures in thrips differ in many respects from those
of a generalized insect. In the head-capsule cf a thrips almost
all of the sclerites are completely united and there are no traces
of sutures to show where the union has taken place. On account
of this union of the sclerites one can designate only in a gener-
al way the various external areas cf the skull. The areas on the
sides cf the head between the compound eyes and the caudal arm-
like projections are the genae (g.) vhile the dorsal region of
the head between the compound eyes and the caudal margin is the
(o) occiput. The region about the antennae and between the com-
pound eyes is the vertex (vt) and the entire ventral area cf the
head that is net otherwise designated is tie front ( fr ) - At
the caudo-ventral margin of the head is attached an asymmetrical
clypeus which terminates in a small, convex labrum. Another char-
acteristic of the head is its elongation cephalad; this is in
some forms very marked causing the genae, occiput and front to be
very greatly enlarged
.
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Head-capsule of Cephalothrips yuccae, Hinds, (Pl-l.Fig. 1,2
and 3). The head-capsule of 0. yuccae , belonging to suborder
Tubulifera, is elongated and somewhat depressed and has the same
general brown color as the thorax and abdomen. The head is a-
bout one third longer than wide (Fig. 2) and about two thirds as
wide as the prothorax. In a ventral aspect of the hea5 no su-
tures, outside of the fronto-clypeal (f.c.) and clypeo -labral
,
(e.1.1 are visible. Some thirty or more setae are arranged more
or less definitely in loairs in respect to the meson. In C. yuc-
cae a very slight asymmetry exists in the head-capsule where the
clypeus and mouth-parts attach themselves to the head-capsule.
In (Fig.l) it can be seen that the left latero-cephalic corner of
the clypeus is a little more cephalad than the right latero-ceph-
alic corner. On the ventro-ectal surface (f r. ) of the head very
small indentations or invaginations (i) occur by which one can
locate the conical projections (q ) that are prominent on the en-
tal surface. These conical projections will be described later.
In a lateral aspect of the head one can see a distinct arm-
like, caudal elongation (c.a.) of the head-capsule which termin-
ates in an acetabulum. This acetabulum fits against a small
sclerite (p.s.) that occurs on the ventro-lateral surface of the
prothorax. 3y means of this structural arrangement the insect
can move its head in a dorso-ven tral direction As a matter of fact
in living active specimens this dor s o-ventral motion is constantly
taking place. At the extreme end of the caudal arms distinct in-
vaginations can be seen on the ectal surface. On the lateral as-
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pects of the hesd just dorsad of the caudal projecting arms a
short suture (s) extends cephalad from the caudal margin. As to
the homology of this suture nothing definite can be said.
On the dorsal aspect cf the head another suture (s) may he
seen near V\e caudal margin. This suture cuts off a narrow strip
at the caudal margin and its two ends terminate on the margin in
the two dcrso-caudo-latoral areas. Cn the lateral ends of this
strip two depressions are located that are similar to invagina-
tions. In the majority of specimens examined sixteen setae are
arranged cn the dorsal side in more or less definite, paired posi-
tions in respect to the meson. In other words, for each seta
there is a corresponding seta cn the opposite side of fche meson.
Of these setae the postorbital setae (p.o.) are the most prominent
Head-capsule of Heliothrips haemorrhoidalis (Pl-2,Fig. A,
3,C and D). The head of H. Haemorrhoidalis, belonging to the
suborder Terebrantia, differs in some structural detail from that
of C. yuccae. The head cf H. haemorrhoidalis is but slightly
elongated. From a dorsal vie?/ (Pig.B) the head-capsule is aucut
one-fcurth broader than long and its width is two- thirds that of
the prothorax and abdomen. Almost the entire surface of the cap-
sule is highly reticulated with chitinous, elevated thickenings
comparable with the reticulations of the thorax and abdomen. Cn
the frontal area ffr.) cf the head these reticulations become very
faint and disappear in the region cf the vertex. In a ventral
view of the head -capsule nc sutures can be seen except the fronto-
clypeal (f.c.) suture and the clypeo -labral suture (c.l.). Come
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sixteen or mere setae are found cn the ventral region of the
head and these are arranged in more or lees definite paired posi-
tions in respect to the meson.
The caudo-ventral margin of the head capsule is decidedly
asymmetrical (Fig. A). This decided asymmetry holds true for all
the Terebrantia examined. If a transverse line is drawn from
the two caudo -lateral points where the prominent reticulated
structure of the capsule seems to end, a distinct asymmetrical
triangle is formed. The obtuse cephalic apex of the triangle
lies on the left side of the head and slightly mesad of a line
running caudad from the meso-caudal angle of the compound eye.
The shorter leg of the triangle is then on the left while the I
other leg is about twice as long and runs to the right caudo-leter-
al margin of the head. In most Terebrantia, at least in all ex-
amined, the positions of the conical projections (g), that occur
on the ento -ventral surface of the head-capsule can be located on
the ectal surface as two pit-like depressions (i) that lie direct-
ly caudad of the meso-caudal angles of the compound eyes. In H.
haemorrhcidalis these invaginations (i) are very prominent and
they hold the same position as those found in C. yuccae.
From the ventro-lateral angles of the head-capsule (Fig. C
and D) there extend two caudal projections (c.a.). These projec-
tions are a pert of the head-capsule and similar in position to
these found in C. yuccae. Their lighter shade of color and their
faintly, reti culated surface might lead one to think that they
were a part of the mouth structures but in dissection they re-
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main attached to the head when the mcuth-cone is carefully re-
moved. These projections or caudal arms (c.a.) in this partic-
ular species are decidedly asymmetrical on account of the greater
degree of asymmetry of the mouth parts of this particular form.
The left arm (Fig. C) is net constricted at its base and does not
end in a distinct acetabulum as in C.yuccae, hut its entire dor-
sal edge fits against a prothoracic sclerite. This , however , is
only true when the head is retracted, for the head of II. haemor-
rhoidalis is capable of considerable extension which is made pos-
sible by a relatively large membranous area (me) existing be-
tween the head and pro thorax as indicated by the solid black
lines in (Fig.g). The right caudal pro jee ting arm ( Fig
.
D , c a , )
is slightly smaller than the left, constricted at its base and
located somewhat more dorsad. This distinct difference does not
occur in all the Terebrantia examined but is here exaggerated on
account of the more decided lateral asymmetry of the clypeus. The
right caudal arms (c.a.) in Suthrips tritici and Thrips tabasci
are not constricted at their base but are only smaller than the
left arms. Ct'rer evidence that this decidedly constricted piece
is the right caudal projection will be given when I treat of the
mouth-parts. In all the species of Terebrantia examined a dis-
tinct invagination (i) occurs on the ectal surface of the right
and left caudal arms.
In a lateral view of the head no short suture is found ex-
tending cephalad form the caudal margin of the head as in (Fig. 3)
of the C. yuccae. The suture (s) that cuts off the caudal strip
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on the dorsal side of the head (Fig. 3) cannot be definitely lo-
cated. Possibly the heavily chitinized, elevated, transverse
line (s) near the caudal margin may represent this suture. On
the strip cut off by this suture no invaginations were found.
The dorsal area of the head is strongly reticulated except at the
extreme cephalic and caudal margins. Some ten prominent setae
are arranged in pairs in respect to the meson.
Clypeus and Labrum of Cephalo thrips yuccae - (Pl-l,Fig.l)
The clypeus (c) is the asymmetrical, mesal piece of the head. The
labrum (lr) is the small, distinct, dark, convex piece at the
apical end of the clypeus. This is the interpretation F. Hair
and J. C. Kershow give as a result of their study on a Tubulifera.
I believe their interpretation to be correct. In all species ex-
amined belonging to the suborder Tubulifera, the clypeus is asym-
metrical in somev/hat the following manner. Using C. yuccae as a
type of Tubulifera V7e see that the left latero-cephalic corner is
slightly more cephalad than its right latero-cephalic corner, thus
|
making the clypeus asymmetrical. But a more pronounced asymmetry
exists on the left latersl margin near the cephalic end. In this
region of the left margin occurs a distinct notch which takes up
almost one-half of the distance covered by this suture. Into this
notch fits the mesal knob-like protuberance of the adjacent,
triangular piece, the maxilla fl.rax.). The right margin of the
clypeus is not notched but is a straight line from the head cap-
sule to the labrum. Cn the ectal surface of the clypeus eight
setae may be found. The small, distinct,' dark, convex piece at
the apex of the clypeus is the labrum ( lr ) , as before mentioned.
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The structure of the labrum is of such a nature that it almost
surrounds the projecting left asymmetrical mouth seta (mx.s.)
The ectal surface of the labrum is convex while its ental surface
is concave, thus a groove is formed thru which the left asym-
metrical seta (mx.s.) may pass.
Clypeus and Labrum of H. haemorrhoidalis (Pl-2,Fig. A). In
the suborder Terebrantia the clypeus is asymmetrical but not in
exactly the same way as in Tubulifera. The clypeus (c) in H.
haemorrhoidalis is the asymmetrical mesal piece of the mouth-
cone,while the labrum (lr ) is the small , distinct , convex piece
at the distal end of the clypeus. H. German aoes not designate
the parts of this mesal area of the mouth-cone in the above man-
ner. But in his work on Limothrips cerealium Hali&ay.he regards
the area cephalad of the double-dotted .transverse line (f) as
the clypeus and everything distad of this double-dotted, trans-
verse line as the labrum. I do not regard th: s d ouble- do tted
,
transverse line as marking the position of a suture but rather
the location of a fold as indicated by a double row of dots.
This double-do tted line (f) marks the position where the heavily
chitinized portion of the clypeus becomes more or less membranoue
(me.). Furthermore this line indicates the angle where the mouth
cone takes a ventrad direction from the general contour of the
head. The area cephalad of this angle or double dotted transverse
line is more or less membranous (me.) thus permitting the mouth-
cone to be more or less movable. In unstained, clear, v.hole
mounts that have been treated with potassium hydroxide this area
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is very hyaline; while in whole mounts stained with safranin it
takes up comparatively little stain, "but sagittal sections (Pl-5,-
Fig.J) thru this area, that have been stained with haematoxylin
,
show a decided blue color similar to the blue color of the mem-
branous areas between the head and prothorax. The area in con-
sideration is as thick as the area distad cf the dotted line but
the blue staining indicates a greater degree of ; rctoplasmic mat-
erial in this region and net as great an amount of thick, chitin-
ous substance. The membranous portions of the ecto-skeleton are
represented "by black, solid lines (me.) while the chitinized head-
capsule (h.c.) is represented by a double line. These same mem-
branes occur likewise in C. yuccae ( Pl-5 ,?ig. 13 ) but are net as
pronounced as in H. haemorrhoidalis . The mesal area distad of
the double dotted line is heavily cMtinized and is the clypeus
proper and not the labrum as Garman would have it. The labrum
(lr.) is the small, convex piece at the terminal end cf the cly-
peus and is similar in strucutre to the labrum of C. yuccae. In
E. German's drawing of L. cerealium , this small piece is clearly
represented but is net designated as the entire labrum.
The asymmetry of the clypeus in H. haemorrhoidalis is quite
different from that of C. yuccae. In H. haemorrhoidalis no dis-
tinct notch occurs on the left margin but a more pronounced asymmet-
ry exists in respect to the corresponding .cephalic extension of the
right and left latero-cephalic corners of the clypeus. If the
clypeus is considered as extending up to the head-capsule as in C.
yuccae, the left latero-cephalic corner is decidedly more cephalad
and mesad than its right one. The left margin of the clypeus is

——•—
—
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almcst a straight line from the labrum to the angle on the head-
capsule. This line, cephalad of the double dotted line, is very
hard to distinguish in this species but is more readily seen in
Euthrips tritici and Thrips tabasci and especially if the whole
mounts are stained with safranin. In dissecting out the mcuth-
parts, the clypeus (c) and the triangular sclerite (l.mx. ), maxilla,
to the left of the clypeus, always split apart on this line,
which goes to prove that a suture really exists even tho it is
hard to see. The right margin of the clypeus is not a straight
line but runs in a curved line from the labrum almost to the right
lateral margin of the head-capsule. This unique arrangement re-
sults in making the clypeal area very asymmetrical. This general
asymmetry is well shown in H. Garman's drawing of the head cf
Limothrips cerealium. On the ectal surface of the clypeus of H.
haemorrhcidalis six setae may be found.
Compound Eyes. - (Pl-1, Fig. 1,2 and 3 ; Pl-2 ,Fig . A , B , C and D )
.
The compound or faceted eyes of thrips are of a considerable size
and located in the later o-cephalic areas of the head.
In Cephalo thrips yuccae in a lateral view, the compound eyes
are reniform in outline with the concave margin caudad, The eyes
do not protrude beyond the general curve cf the head and they ex-
tend onto the dorsal and ventral areas to a considerable extent.
The surface cf each eye is similar to a raspberry in being com-
posed of an aggregation of facets that are uniform in size and not
sc crowded as to lose their circular outline. Among the facets
on the dorsal side a few scattered setae may be found. After the
removal of the internal structure of the eye a transparent cornea
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remains
.
The compound eye of H. haemorrhoidalis is likewise reniform
in outline but each eye protrudes more or less from the general
curve of the head. The facets of the eye are fewer in number,
scattered and not uniform in size. In a dorsal view all the facets
except two on the cephalic margin, are of uniform size and scat-
tered between the facets a few setae may be located. The six,
larger, opaque facets of the compound eye can all be seen in a
ventral view. After removing trie internal structure of the head
by means of potassium hydroxide these six facets do not become
clear and transparent as the others do but still retain their mud-
dy brown cclor.
Ocelli. - (n-l,Fig. 2 and 3; Pl-2 f Fig. B,C and D). There
are three simple eyes on the dorsal side of the head between the
compound eyes and they form a triangle with the apex forward.
The ocelli (oc.) of Cephalothrips yuccae are clear , circular
bodies slightly larger than the facets of the compound eye. The
triangle they form takes up a large share of the space between the
compound eyes and this area is not elevated above the general plane
of the head-capsule. The mesal ocellus is on the transverse line
running between the cephalic ends of the compound eye.
The ocelli of Heliothrips haemorrhoidalis in a dorsal view
are clear, oval bodies. The triangle formed by these ocelli is
comparatively small and somewhat elevated above the head-capsule.
The chitinous reticulation of this area is of a relatively finer
mesh than that of the remainder of the head-capsule. About the
cephalic ocellus four setae can be seen while the six most pro-
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minent setae are laterad and ceu&ad of the lateral ocelli , two
"being laterad arid four caudad
.
Internal Head-skeleton. - The internal head-skeleton will be
discussed under two subheadings, Description and Discussion. Un-
der the first subheading the various parts of the internal head-
skeleton will be described. Rather than name the various portions,
letters will be used to indicate the parts under consideration.
Under the subheading Discussion the interpretation and homology of
the parts will be considered.
Description, (Pl-5,Fig. 5,6,7 and 6; Tl-4,Fig.F ). - In the
head of Cephalothrips yuccae the internal head-skeleton is espe-
cially well developed and almost all the parts can be readily dif-
ferentiated from the head-capsule and mouth-parts. By carefully
teasing away the dorsal half of the head-capsule in material that
has been treated with potassium hydroxide, stained and cleared,
the following parts can be seen. (Pl-3,Fig. 5,6,7 and 6). The
most prominent internal head structure in C. yuccae is a pair of
long, chitinous strips (x) which extend cephalad from the apex of
the mouth-cone into the region of the compound eyes. These strips
run parallel with the meson and at their cephalic ends they unite
in a small broadened sheet (x-1) while at their ventral end in
the apex of the mouth-cone the two strips (x) converge and again
unite with a broad and somewhat triangular plate (x-2). The
ventral edges of this triangular plate (x-2) unite with the apical
ends of the two triangular maxillary sclerites and from the
dorso-lateral corners of this more or less triangular plate (x-2)
two dorso-lateral, chitinized strips (x-2) extend parallel with
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the lateral margins cf the two
;
triangular, maxillary sclerites
(1. mx and rt . mx) and are solidly united with the same The tri-
angular plate has on its cephalic aspect extensions that unite
with the pharynx (See Pharynx). These connections are not figured
for I have been unable to make out their real nature as yet.
At the point where the two long, me sal strips (x) unite with
the triangular plate (x-2) at the apex of the mouth-cone a dis-
tinct, y-shaped, chitinized piece (Fig. 7,-y) exists. The short
stub-stem of the y-shaped piece is loosely fitted between the tri-
angular plate and the pharynx (p) while the arms are caudad of the
mesal strips (x) and project dorso-laterad into the mouth-cone.
The purpose of the long, mesal pair of strips (x) seems to
be to aid in guiding the exceedingly long, paired, piercing organs
fm.s.) of C. yuccae. In sagittal sections or in lateral views
of cleared, whole mounts it can be seen that as the long, paired,
piercing organs begin tc bend caudad in the region of the com-
pound eyes they pass, at the cephalic end of the mesal strips, dor-
sad but as they approach the mouth-cone they slip along the later-
al edge cf the strips. The mesal strips (x) themselves near their
middle are of a considerable width dorso-ventrally owing to a
thin partially membranous, ventral extension. Hear the apex of
the mouth-cone the paired piercing organs fm.s.) are cephalad of
the mesal strips and the triangular plate and they pass along the
lateral extensions (Fig. 11-1. e. ) from the pharynx (Gee Pharynx).
The foregoing head structures in C, yuccae are all isolated,
distinct pieces in themselves while the remainder of the head
structures are all almost entirely united with the head-capsule.
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lossibly at this point it would be best to describe the head struc-
tures found in Heliothrips haemorrhoidalis that compare with those
already described in C. yuccae. In making this comparison it is
immediately noted that possibly with one exception all the above
described parts are wanting in H. haemorrhoidalis . Thj s is pro-
bably due to the generalized condition of H. haemorrhoidalis. In
H. haemorrhoidalis the paired, piercing organs (m.s.) are not ex-
cessively developed but are relatively short and thus guides are
not needed as in 0. yuccae for these parts. However, even tho I
have not as yet found parts homologous with those of C. yuccae
;
I
feel that beginnings of these parts must exist in some of the more
specialized Terebrantia. The one exception mentioned above is the
existence" in H. haemorrhoidalis of a piece (y) homologous in posi-
tion and somewhat in structure with the y-shaped piece found in C.
yuccae. This piece (Fig. G and I) is located on the dorsal side
of the ventral end of the pharynx fp) and ends dorsally in tw©<
short, dorso-lateral extending arms, while the stem of the y-shaped
piece seems to be greatly elongated.
Returning to C. yuccae, the portions of the internal head-
skeleton which are united with the head-capsule will next be des-
cribed. The following strips, bands, or chitinized thickenings
( z , z-1 , z-2 , q ,w and w-1) take up safranin stain very readily and the
resulting color is not like that of the head-capsule but similar
to the color cf the stained internal heed structures already des-
cribed. By means of a stained head in an ectal or ental view, the
extension cf these thickenings or internal head structures is read-
ily traced. Along the caudo-ventral margin of the head-capsule
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adjacent to the mouth-cone a distinct , narrow, chitinized strip ex-
ists (z). This chitinized thickening extends onto the lateral
margin of the head-capsule and branches. In C.yuccae there are
on each side three distinct branches (z-1, z-2 and w). The cen- I
tral branch (z-l) is a lateral continuation of the thickening (z)
and ends at the short suture (s) found on the caudo-lateral mar-
pin of the head. Of the other two branches on one side, the mesal
one is the caudad extending branch, (z-2), which runs to the tip
of the caudal arm and ends in an area about the invagination (i)
found on the caudal arm. The third branch (w) arises laterad of
the caudal branch (z-2) and extends cephalad on almost the ex-
treme ento-lateral aspect of the head-capsule. This branch is
very prominent. Its cephalic end (w-1) is greatly enlarged, hol-
lowed out and free from the head-capsule. Into the hollowed por-
tion fits the ball-like, proximal end of one of the paired, piercing
organs (m.s.). Thus at this point a ball and soclet joint exists
which permits the paired, piercing organs (m.s.) to function.
Besides the chitinized thickenings just described a pair of
distinct ental projections (q), conical shaped in some species,
occur caudad of the meso-caudal angles of the compound eyes or
meso-cephalad of the hollowed structure (w-1) into which the pair-
ed piercing organs fit. Cn the ectal surface at the caudal end
of these pro jections, minute invaginations (i) exist. F. Muir
and J. C. Kershaw describe these projections (q) as places where
muscles attach themselves. This may be true but possibly they act
also as notches into which the knobbed parts of the basal piece
of the paired piercing organs (m.s.) slip when the piercing or-
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gans are in use. At least in all forms studied, in which the
mouth-parts were extruded or on removal of the tension exerted on
the paired piercing organs, the paired piercing organs (m.s.)
always caught on these conical projections (g). As to how true
this is under actual living conditions there is considerable
ques tion
.
The caudal strip (Pl-l,Fig.2 and 3) along the dorso-caudal
margin of the head nay he comparable to the thickenings thus far
taken into consideration. However, this strip is distincly
hounded by a suture on its cephalic edge and alec it does not
stain in the same manner but stains like the head capsule. Appar-
ently there exist on its ectal surface near its lateral ends two
indentations; possibly these are invaginations.
In the Terebrantia the above mentioned, chitinized thickenings
(Pl-4.Fig. F;-z, z-1, z-2 and v) are present but are more general-
ized in structure. As in C. yuccae a distinct thickening exists
along the caudo-ventral margin of the head adjacent to the mouth-
cone. This thickening on the left side gives rise to three branch
es (z-1, z-2 and v), while on the right only two (z-1 and z-2) are
present. The caudal branch is present on both sides and extends
caudad on the ental surface of the caudal arms (c a.) of the head-
capsule to the point There the distinct invaginations (i) exist
on the octal surface of the caudal arms (c.a.). At this point
also the paired piercing organs (m.s.) of the head arise. In a
latter discussion (See Mandibles) it will be seen that the paired
piercing organs (m.s.) of H. haemorrhoidalis are homologous with
these of C. yuccae. As in C. yuccae the main thickening (z) con-
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tinues as a small branch (z-1) onto the dorso-lateral portion of
the head -capsule. The cephalic pair of branches (v.T ) laterad
of the csudal branches does not exist in the more generalized
Thysanoptera for this is only an adaptation fitted to meet the
needs of the excessively long, paired, piercing organs of C.
yuccae. Mesad of the caudal branch on the left side a cephalic
thickening exists (v); this thickening arises at the apex cf the
asymmetrical triangle (See description of Head-capsule) and ex-
tends forward to connect with the base cf the left ental, coni-
cal projection (q) located meso-caudad cf the left compound eye.
This connection between the conical projection cn the right side
is entirely lost. As should have been mentioned before, two,
di stinct, conical projections (q) exist on the ental surface of
the ventral side of the head-capsule opposite the invaginations
(i) occuring on the ectal surface and candad of the meso-caudal
angles of the compound eyes. The caudal strip of the dorsc-
caudal margin of the head are in the Terebrantia less distinct
than in C. yuccae and as far as can be seen there are no in-
dentations on the strip comparable to these found in C. yuccae.
Discussion, - All the parts described in the foregoing
description are parts cf the internal head-skeleton even tho
greatly modified. If such is the cate then the various bands,
strips, plates, thickenings etc. go to make up the arms cf the
tentorium and its parts. The homology of the tentorial structure
in detail with that of other insects I have been as yet unable
to establish; consequently, the names cf the various parts cannot ;
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be designated with any surety. Cnly in a generalized way will
an attempt be made to discuss the various parts.
As suggested before^the presence of the pair of long mesal
strips in C. yuccae is undoubtedly an adaptation brought about
by the excessive development of the paired piercing organs (m.s.)
Such an adaptation is quite essential in guiding the long some-
what flexible mouth-parts. Since in the Terebrantia the paired
piercing organs are comparatively short these guiding parts are
not developed. The function of the y-sheped piece (y) found in
the two suborders is as yet undetermined. Turning to the chit-
inous thickenings existing on the caudo -ventral margin of the
head the distinct difference in the two suborders exists in the
cephalic branches (w and v.). In the Terebrantia the existence
of the one cephalic branch (v) connecting with the left invagin-
ation is very significent if we take into consideration the fact
that H.haemorrhcidalis is the more generalized form. This
branch indicates that in still mere generalized forms there ex-
isted a similar connection with the right invagination (i). These
connections are altogether lost in Tubulifera but the invagina-
tions and ental projections still exist. The cephalic paired
branch (w) of Tubulifera is then not related to the single ceph-
alic branch of Terebrantia. In Terebrantia the paired piercing
organs are attached to the ental surface of the caudal arms of
the head-capsule but on account of the enlarged development of
these parts in C. yuccae their points of attachment have been
pushed forward into the head -capsule and as a result the pair
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of cephalic branches (w) exists.
In general, in oil insects, the invaginations of the arms
of the tentorium are more or less in a fixed, morphological posi-
tion and usually present. In the two suborders of Thysancptera
two pairs of invaginations (i) show very plainly and. possibly
a third pair in C. yuccae. The significance of these invagina-
tions in insects exists in the fact that certain invaginations
J
are always associated with their respective mouth-parts. Con-
sequently, if such invaginations can be determined then the
mouth-parts with which they are associated may be interpreted.
The mandibles are alvays associated with the invaginations of
the anterior arms of the tentorium, while the maxillae are asso-
ciated with the invaginations of the posterior arms On this
basis I expect to be able to reach an interpretation of the
piercing organs of the mouth. In the two suborders a distinct
pair of invaginations (i) exists caudad of the meso-caudal angles
of the compound eyes and another pair on the ectal surface of
the two caudal arms of the head-capsule. These two pairs I con-
sider to be homologous with each other in all Thysanoptera. In
C. yuccae a third pair of invaginations may exist on the csudo-
dorsal strips of the head-capsule . As stated before , no definite
conclusion has been reached in respect to the interpretation of
the internal head structure and consequently I am not certain
as yet of any of the invaginations. Therefore I cannot give
at this point in my vork a final interpretation of the mouth-
parts on the basis of their relation to the internal head -skeleton
I
-26-
The one conslusion that may safely be drawn is that the invagin-
ations on the caudal arms are homologous thrucut all species of
thrips and the sane may be said of the invaginations found on
the ventral area of the head ffrj caudad of the meso-caudal
angle of the compound eye.
VI. MOVABLE PABTS OF THE HEAD
The movable parts of the head will be taken up in the fol-
lowing order; antennae, labium, maxillae, mandibles and pharynx.
In the discussion of the various movable parts, in each case
these of Terebrantia will be considered first and then the mov-
able parts of Tubulifera will be compared with the Terebrantia.
Antennae. - (Pl-l,Fig. 4; Fl-2, Fig. E ) . The antennae
of thrips ere prominent and located between the compound eves
in the extreme, cephalic extension of the head (Fig. 1,2,2, A,
B, C and P.). The location is the same as that of many homo-
pterous forms. The spherical or cylindrical segments vary in
number from six to nine. cetae and sense cones vary in size
and number in the different species. Cense cones (s.e.) are
spine-like, hyaline, bluntly pointed structures and may occur
singly or as a forked structure. They are not found on all
antennae and when present they confine themselves tc certain
segments 3-6
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The antennae cf H. haemorrhoidalis (Pl-2,Fig, E) are twice
as long as the dorsal view of the head-capsule (Fig.B) and in-
serted at the extreme cephalic end of the head in the depressed
area between the protruding compound eyes. Between the basal
segments cf the antennae a slight elevation of the head cap-
sule occurs. The antennae consist of eight segments all of
which are reticulated, except the two distal segments, with
chitinous elevations corresponding to the ehitinous elevations
on the head. Segments three to six are mere or less cf a similar
shape and annulated in a like manner. Each segment bears six
cr more distinct setae on its enlarged cephalic end. Segments
one, two, six, seven and eight have a distinct brown tinge as
the head-capsule, while segments three, four, and five are only
slightly brown. Cn the cephalic end of segment four a very thin,
hyaline, two -branched sense cone may be seen. L'c other indica-
tions of sense cones were found on the antennae of H. haemorrhoi-
dalis
.
The antennae of Cephalo thrips yuccae (Pl-l,Fig. 4) are
one and one-third times longer than the dorsal view of the head-
capsule. The area of insertion cf the antennae upon the head
occupies the greater part of the space between the compound eyes.
Only a small elevated area occurs between the basal segments in
C. yuccae. The antennae are composed cf eight segments all of
which bear a few, short setae but only segments three, four, five
and six bear a pair of simple, spine-like sense cones (s.c).
Segments two to six are of the same general size and shape,while
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th e basal segment and the two apical segments have a slight
change of structure. The entire antennae is of a yellow color
except for the two basal segments which are of a light, brown col-
or.
Labium (Pl-5, Fig. E and 14), - The labium is the entire
convex, caudal area of the mouth-cone and is no longer than the
other parts of the mouth-cone. In this respect it strikingly dif-
fers from the long beak of Hemiptera. In general the labium of
thrips divides itself into two very distinct areas, the submentum
and mentum and at the distal end cf the mentum a pair of short,
segmented palpi occur and usually the extreme distal end bears
two, small projections. A caudal view of the labium of thrips
shows that it is short, wide and triangular in outline; the apex
of the triangle being at the distal end. Lateral and ventral
views of the mouth-parts show the characteristic convex shape of
the labium. The labium attaches itself along its lateral mar-
gins to the two triangular pieces that bear palpi frt. mx. and
1. mx. ) and its dorso-lateral corners connect with the caudal
arms (c.a.) of the head-capsule, while its dorsal edge connects
with the pro thorax by means of a membrane (me. )
The labium cf H. haemcrrhoidalis (Fig. E) corresponds to the
above generalized description. On account of the elongated mouth-
cone cf H. haemorrhoidalis the dorso-ventral length of the labium
is about the same as the width of the basal portion of the sub-
mentum. The b entum (m) and submentum (s.m.) are distinctly divid-
ed by a clear-cut suture (s). As indicated in (Fig. K) slight
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indicat:ions of reticulations (ri.) show on the ectal surface of
the labium. At the apical end of the nearly circular mentum in
a light colored area, a pair of two -segmented palpi (lh.pl.)
may be found and two short projections occur on the lateral
apical margin. These projections are described by Hinds as para-
glossae. Cn the labium six setae may be found- one pair on
the lateral margin of the submentum and two pairs on the distal
portion of the mentura.
In a like manner the labium of C. yuccae (Fig. 14) corres-
ponds to the generalized description. The mouth-cone of C. yuccae
is comparatively short in its ventral extension, consequently the
doreo-ventral measurement is less than one-half the distance
between the dorso-lateral angles of the submentum. The submentum
(s.m.) and mentum (m.) are not entirely divided by a suture (s)
for in the mesal portion cf the labium the suture disappears, how
ever, the two ends of the suture can be easily made out on the
lateral margins. The labium of C. yuccae has no reticulations
as in H. haemorrhoidalis but the submentum is strongly chitinized
at its dorsal margins as indicated by a dotted line. As in H.
haemorrhoidalis, at the apical end of the mentum a light area ex-
ists in which a pair of two segmented palpi occur. The tv/o
short projections at the apical margin have united in C. yuccae
and form a lip-like structure over which the movable pair of
piercing organs (m.s.) pass. This lip-like structure is in-
dicated by shading in (Fig.l). The arrangement cf the six setae
on the labium is similar to H. haemorrhoidalis.
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Maxillae cf Heliothrips haemorrhoidalis (Pl-2,Fig. A,C, and
D; Pl-4,Fig. F). In an ecto-ventrsl view of the mouth-cone of
H. haemorrhoidalie two asymmetrical , triangular pieces can be seen
located laterad of the clypeus and labrum. These two irregu-
lar, triangular pieces (l.mx.and rt.mx. ) bear two-segmented
palpi. Cn comparing the position and structure cf these two
pieces with those cf similar pieces in Hemiptera they are seen
to be without question homologous with the so-called maxillary
sclerites described by F. Muir and J. C. Kershaw in their work
"On the Homologies and Mechanism of the Mouth-parts cf Hemiptera'.1
Included in their paper is a description of the mouth-parts of
a species cf Tubulifera and in this work they have described the
the parts under . consideration as maxillary sclerites. Addition-
al evidence is furnished in Thrips that these pieces are maxil-
lae, in the fact that two segmented palpi occur on each,while
in Hemiptera the palpi are always wanting.
In an ental view cf the mouth-parts one can see a single,
long, stcut, piercing structure (mx.s.) arising from the region
about the cephalic (proximal) end of the left maxillary sclerite
(l.mx.). This structure (mx.s) has a swollen base axid a dis-
tinct suture exists near its middle. This prominent mouth-
part exists only on the left side, for no such enlarged organ
is found on the right side. Because of this fact there is a
unique asymmetry cf mouth-parts in Thysanoptera . By careful
observations of the relation of parts on the right side one can
see at the cephalic end of the right, maxillary sclerite (rt.mx. )
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aii elongated diamond -shaped piece (r.mx.s.) holding the same
position in respect to the right, maxillary sclerite (r.nx. ),
that the functional, piercing organ (mx.s.) of the left tide
holds in respect tc the left, maxillary sclerite (l.mx.). This
diamond-shaped piece (r.mx.s.) i£ located between the right,
caudal arm (c.a.) of the head capsule and the right margin of
the labrum. Furthermore, this piece is net flat and entirely in
the same plane as the maxillary sclerite, but its ento-mesal end
is free and projects slightly meso-caudal into the lumen of the
meuth-ccne. Undoubtedly this piece is homologous with the func-
tional, piercing organ (mx.s.) found on the left side but it is
very rudimentary.
H. Garman calls the single ,large .piercing organ on the left
side a mandible; his reason for this being that it has the re-
lative position cf a mandible in respect to the maxillary sclerite
and the labrum, and also the fact that it is a very stout struc-
ture consisting of but a single piece. The last statement may
have been true with Limothrips cerealium which he studied but
in all the Terebrantia I have observed this piece (mx.s.) has a
distinct suture dividing the swollen basal part from the needle-
like, distal portion. Possibly this structure is a mandible but
it has been extremely difficult to decide whether this piercing
organ is connected to the head-capsule or tc the maxillary
sclerite. In drawing (Fig. F. ) I chose from a great many dis-
sected and mounted specimens as typical a condition as could be
found. In thie figure it i-s to be noted that the greater portion
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of the "basal part cf the piercing organ (mx«B.) comes in con-
tact with the base cf the left maxillary sclerite. In teasing
aray the mouth-parts from the head-capsule the asymmetrical
,
piercing organ at times remains attached to the head- capsule
While in as many cases it is removed from the head-capsule and
apparently connected with the teased-away mouth-parts. The en-
tire cephalic area of the basal portion of the mcuth-cone is
membranous (me.) (Zee discussion on Latrum) and on account of
this characteristic it is almost impossible to determine the
connection. This same difficulty was experienced with the other
Terebrantia examined. Cn account of this difficulty I have
tried to approach the interpretation of the asymmetrical piercing
organ fmx.s.) from another viev point. This view point, as men-
tioned in the discussion of the internal head-sheletcn, is in
respect to the association of the mouth-parts (maxillae and man-
dibles ) with the internal head-skeleton. This will be more
fully discussed at the end cf the mandible' paragraph. For con-
venience of • description in this paper I have adopted the terms
maxillary setae for the asymmetrical pair of piercing structures,
in the two suborders. The reason for such are discussed at the
end of this subheading 'llaxi 11a e
.
I'axillae cf Cehpahlothrips yuccae (Pl-l,Fig.3; Pl-2 ,Fig. 5 , 6
,
and 6). - In an ecto-ventral view of the mouth-cone of C. yuccae
two triangular maxillary sclerites (rt.mx.and l.mx. ) may be found
holding the same relative position as in H. haemcrrhoidalis . On
each sclerite a tvo segmented palpus is borne. The two sclerites
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are asymmetrical in a manner, differing considerably from that cf
H. haemorrhoidali s . At the cephalic end of the mesal margin cf the
left maxillary sclerite (l.mx. ) a distinct, ineso-extending knob ex-
ists. This knob-like enlargement fits into a notch at the cephalic
end of the left, lateral margin of the clypeus (c). This unique
asymmetry is characteristic of all Tubulifera I have examined.
In an ental view of the maxillary sclerites ( Fl-3 , Fig. 5 , 6 , 7
,
and 6) the following structures may he seen. As mentioned in a
discussion of the internal head-skeleton of C. yuccae, a distinct,
triangular plate (x-2) joins the two latero-apical margins of the
maxillary sclerites and also arising from the two dorse-lateral
angles cf this plate (x-2) is a pair of dcrso-lateral extensions
(x-3). These extensions are simply thickened edges of the lateral
margins of the maxillary sclerites.
The asymmetrical
,
piercing organ in Tubulifera is found to cor-
respond with the maxillary seta of Terebrantia in respect to posi-
tion and structure. The left maxillary seta .however , is not
straight as in Terebrantia, but its heavy basal portion is bent
so as to connect with the left maxillary sclerite at a right angle.
Io prominent suture was noted at the point where the enlarged basal
portion begins. In some specimens a suggestion of such a suture,
however, seemed to be present. The functional maxillary seta in
C. yuccae distinctly connects with the knob on the cephalic end
of the mesal margin of the left maxillary sclerite (Fig.6). At
the cephalic end of the mesal margin of the right maxillary
sclerite a distinct, short, curved and pointed projection exists
(Fig.8,r. mx.s. ) which is firmly attached to the right, maxillary
sclerite. This is the rudimentary, right, maxillary seta. In
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dissection these two pieces (mx.s. and r. mx.s.) always remain
attached to their respective maxillary sclerites. On account
of this firm connection in this suborder it certainly appears
that the so-called maxillary setae are portions of the maxillae
and not mandibles as II. Carman would have the maxillary seta in
Limothrips- eerealiura.
F. ffinir and J. 'C. Irershew in their work on a Tubulifera
interpret the. asymmetrical parts (mx.s.) as portions of the max-
illae. They use two! principle lines. of evidence. In the first
place the asymmetrical parts, are firmly attached to the maxillary
sclerites, w,hieh is "true /arid second, they have proved tc their
own satisfaction .that the paired, piercing orgens ( m. s . ) are
mandibles, consequently, the remaining, asymmetrical pair of
piercing organs "are parts of the maxillae. Personally I cannot
see the force of their argument which seems to prove that the
paired, piercing organs are mandibles However, I am ready to
grant that if one pair of the piercing organs is satisfactorily
interpreted as mandibles the other pair must be maxillae or por-
tions of them.
On the above • evidrnce we see that the asymmetrical, piercing
organs (mx.s.) in the two suborders are homologous in respect
to structure and position. Thus far in the investigation I have
not found conclusive evidence that will prove that the asymmet-
rical, piercing organ is a mandible as H". Carman would have it
or a portion of the maxillae, as F. Muir and J. C. Kershaw inter-
pret it. Consequently, a proved interpretation cannot be given
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at this point but since it has "been shown that in the two sub-
orders the asymmetrical
,
piercing organs are homologous, one or
the other of the interpretations is correct or perhaps both are
wrong. I have adopted F, Muir and J. C. Xershaw's interpreta-
tion of maxillary seta (mx.s.) for the functional, left, asymmet-
rical
,
piercing organ cf both suborders. This has been dene to
emphasize the homology in the two suborders and also as an aid
in description end reference. F. Muir and J. C. Kershaw* S inter-
pretation is used, because on the whole I think their interpreta-
tion is backed by more conclusive evidence than the interpreta-
tion cf H. Garman. In other vords ,F. Muir and J C Xershaw's
interpretation which is based on observations on a Tubulifera
can be used in interpreting the parts in Terebrantia, v/hile H.
Garman' s interpretation which is based on a Terebrantia cannot be
as naturally applied to a Tubulifera.
I:andibles of Heliothrips haemorrhoidalis and Cephalo thr.ips
yuccae (Pl-l,?ig. 3; Fl-2,Fig.C and D ; Fl-3,Fig.5; Pl-4 , Fig. F. )
.
In an ental view of the mouth-parts of IJeliothrips haemorrhoi-
dalis (Fig.F) a pair of fine , needle-like structures can be seen.
These piercing organs (m.s.) are connected to the ental surface
of the caudal arms (c.a.) of the head-capsule at the point cf
the invaginations fi) which can be seen on the ectal surface.
These connections are of a ball and socket nature and thus per-
mit the short, heavy, basal pieces to neve considerably. Each
needle-like piercing structure consists of three parts. The
short basal piece just described extends away from the apex of
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the mouth-cone when the mouth-parts are retracted and at its dis-
tal end the long, seta-like, piercing portion is connected by a
ball and socket joint. The basal portion of the seta-like, pierc-
ing portion is swollen, while the distal portion is small, solid-
ly chitinized and sharply pointed. The basal, swollen portion
has a distinct suture near its middle. Altogether then each of
the paired, piercing organs is composed of three parts and by
means of the two joints in each, they may be straightened cut
and thus extruded from the mouth-cone. For convenience of des-
cription in the following discussions and in the drawings, the
paired, piercing orgens will be called mandibular setae.
In an ento -ventral view of the head and mouth-parts of
Cephalothrips yuccae (Fig. 5) a pair of piercing structures,
mandibular setae (m.s.) can be seen that correspond to these just
described in H. haemcrrhoidalis . Without much question these
paired parts in C. yuccae are homologous with those in H. haemor-
rhoidalis for in each suborder they consist of three parts and
their connection with the head-capsule is morphologically the
same. The mandibular setae (m.s.) of C. yuccae are exceedingly
long as they extend forward into the elongated head to the re-
gion of the compound eyes, where they turn back and go to the
mouth-cone. Each mandibular seta consists of three parts, as
in H. haemorrhcidalis . The basal piece is stout, considerably
elongated and has on its mesal margin a distinct, knob-like struc-
ture (See Internal Head-skeleton for discussion on this adapta-
tion.) The length of the basal piece in C. yuccae is much
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longer than that of H. haemorrhoidslie but its length in pro-
portion to that of the remainder cf the mandibular seta (m.s.)
is no longer than in H. haemorrhoidalis. Both ends of this
basal piece have distinct ball and socket jcints which permits
the mandibular seta to function. The enlarged portion beyond
the distal end of the basal part is comparatively short and is
separsted from the very long, flexible, needle-shaped piece
by a distinct suture. In respect to structure we see that the
two paired, piercing organs (m.s.) are structurally homologous
in the two suborders.
The relation of the mandibular setae to the internal head-
skeleton may at first glance seem to be entirely different in
the two suborders. (For the relation of the mandibular setae
(m.s.) to the mesal strips (x) in C. yuccae see discission of
Internal Head-skeleton). As wcs seen in H. haemorrhoidalis
(Fig. F. ) the paired piercing organs connect with the ental
surface of the caudal arms (c.a. ) of the head-capsule at the
point of the invaginations (i). In C. yuceae the invaginations
are still located in the same relative position as in H. haemor-
rhoidalis but the mandibular setae (m.s.) do not arise from the
ental surface of the caudal arms of the head-capsule. The man-
dibular setae srise from ball and socket joints which are situa-
ted at the cephalic ends (w-1) of the cephelic, extending thick-
ening (w) as described for the internal head-skeleton of C.
yuccae. F. HDuir and J. C. Kershaw call tv ese elevated .club-
shaped structures tmand ibular pillars. The connection of the man-
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dibular setae to the mandibular pillars is almost directly ceph-
alad of the caudal arms and at a considerable distance from the
ectal invaginations on the caudal arms of the head-capsule.
This peculiar adaptation on the part of C. yuccae may be
explained by the fact that in the excessive development of the
paired piercing organs, the connections with the head-capsule nec-
essarily moved cephalad in order that the long, mandibular setae
might function. Even the the exact connection of the mandibular
setae with the head-capsule is not near the invaginations cf the
caudal arms, the existence of the thickenings (w) which lead to
the present connection indicates that morphologically the paired
organs are still associated with the invaginations on the caudal
arms. Thus far, it has been shown that the invaginations on the
two caudal arms are associated in both suborders with the paired,
piercing organs. This fact further supports the statement that
in the two suborders the paired, piercing organs are. homologous
.
H. Garman in his work on Limothrips cerealium, a species of
Terebrantia, decided that the paired, piercing organs were por-
tions of the maxillae. In his dissection cf the mouth-parts he
found that the piercing organs are attached tc the cephalic end
of the maxillary sclerites. This connection at limes is diffi-
cult to make cut but in stained, dissected material or in stained,
lateral views cf whole mounts it can be seen that the basal piece
of a paired, piercing organ (m.s.) connects with the ental sur-
face of the caudal arms (c.a.) near the invaginations. In all
specimens and species examined cf Terebrantia the connections
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were always with the ental surface cf the caudal arms. This fact
eliminates the force of H. Garman's argument that the paired pierc
ing organs are portions of the maxillae.
F. Muir and J. C. Eershow interpret the paired, piercing-
organs of Tuhulifera as mandibles. By means cf their observa-
tions on the mouth-parts of Hemiptera they have worked out the
homology between the mandibles of Hemiptera and those of Tubuli-
fera. The significance of this relation I am net satisfied with.
However, on the basis of their maxillary seta interpretation
(See Maxillae 1 along with other evidence I believe their inter-
pretation is mere nearly proved correct than H. Garman's inter-
pretation. Consequently, their interpretation has been adopted
and the homologous parts in the two suborders have been design-
ated accordingly.
As mentioned in the discussion of the internal head-skeleton,
the mandibles and maxillae are always associated with specific,
internal head structures (arms of the tentorium) and the invagin-
ations on the ectal surface of the head-capsule. Mandibles are
always associated with the invaginations of the anterior arms
and maxillae with the invaginations of the posterior arms. In
all thrips examined two pairs of invaginations have been found
on the head-capsule and without question the respective pairs are
homologous thruout all Thysanoptera. Furthermore, it has been
noted that the paired, piercing organs are always associated
with the invaginations on the caudal arms of the head-capsule.
Thus far, these relations have been observed but I feel that they
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are net as yet complete, for in all insects I have examined three
pairs of invaginations always occur and furthermore the above
mentioned association of the mandibles and maxillae with the in-
vaginations of the arms of the tentorium always exist ; therefore
I am sure such relations must exist in Thyeanoptera. When such
relations are fully understood, then the interpretation of the
piercing organs will be correctly answered.
Pharynx, )Pl-5,Fig. 7; Pl-4,Fig. F,G,H,I, 9,10,11 and 12;
Pl-5, Fig. -Land 13 ) . - In dissecting specimens of Cephalo-
thrips yuccae that had been boiled in a 10 per cent solution cf
potassium hydroxide, a peculiar, short, heavily chitinized, ham-
shaped -piece was found lying beneath the clypeus. On examination
of other species of thrips I found that this piece existed in
all cases. For a long time the structure and function of this
piece (p) puzzled me. However, as soon as sectioned and stained
material was resorted to, its real structure and function was
learned. The whole affair is a structural modification of the
alimentary canal which aids in sucking nourishment into the oe-
sophagus .
In general this chitinized, ham-shaped piece fp) is slightly
longer than the labium and is centrally located in the mouth-
cone (Fig. F,J,7 and 13). Cross sections of the mouth-cone show
that it is firmly attached at its ventral end with the internal,
tentorial structures as mentioned in the discussion of the
tentorium. The pharynx also has lateral extensions (I.e.) that
are trough-like and along the cephalic sides of which the pi ere-
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ing mouth-parts slide (Fig. 11). These piercing mouth-parts hold
the pharnyx in a fixed position so that when the large muscles
(d.m.) that are attached to the cephalic side contract the whole
pharynx does net move. On account of the asymmetry of the pier-
cing organs a corresponding asymmetry exists in the pharynx. On
the side (left) of the fu.ncticnal maxillary seta ,tro lateral
extensions (i.e.) of the pharynx exist, one caudad of the max-
illary seta (mx.s.) and the other caudad of the left mandibular,
seta (m.s.) v/hile only one lateral extension is present on the
right side caudad of the right mandibular seta (m.s.). In H.
haemorrhoidalis especially (Fig. G and I), the absence on the
right side of the distinct wide sheath (I.e.) over which the max-
illary seta (mx.s.) of the left side passes is very noticeable.
By means of material sectioned in three planes (frontal, sagittal
and tranverse) one can see that a centrally located canal (1)
runs thru the entire length of this ham-shaped piece and that
this canal continues dorsad of the chitinized structure as the
oesophagus (oe.). Consequently , on account of the relation of
this chitinized piece to the alimentary canal this structure is
homologous with the pharynx of other insects. In general the
pharynx consist of two distinct portions in respect to size and
shape. The ventral half of the pharynx is a very small, chitin-
ized tube v.'hich opens v.'ithin the ental groove of the labrum.vhile
the dorsal half widens cut into a broad, thick area. Within this
enlarged part of the pharynx a distinct sucking apparatus can be
seen. In all thrips examined an organ corresponding to the
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above description has been found. In the suborder Terebrantia
this particular structure (p) is more generalized than in the
suborder Tubulifera. For this reason the Terebrantia will be des-
cribed first.
The pharynx of Heliothrips haeracrrhoidalis (Pl-4,Fig. F, G,
H and I; Pl-5, Fig. J) is most easily seen in dorsal views of the
head and mouth-parts after the labrum has been removed (Fig. F).
By careful dissection one can remove the pharynx and thus see it
from all sides. From a cephalic or caudal view (Fig. G and I) its
two distinct regions remind one of a circular leaf connected with
a petiole. The ventral half is the small, chitinized tube, al-
ready mentioned, while in the dorsal half the tube widens out to
such an extent that its width is fully equal to the length of
the dorsal half . In a lateral view (Fig. II. ) the dorsal half
dees not widen to as great an extent and the enlargement is prin-
cipally the caudal bulging or convexity in • the dorsal region.
The entire pharynx, so far as can be made out, consists of one solid
piece except for a broad
,
plate -like structure (cm.) located in
the concavity on the cephalic side of the enlarged part.
Pharynges (p) in genersl resemble gourd dippers which have
had almost one half of their enlarged portions removed and in thes
cavities are placed. a flat or concave piece (cm.) whose entire
margin is connected with the margin of the concave opening by a
flexible membrane (me.). The pharynx of H. haemorrhc idalis in
general corresponds tc this condition. A distinct lumen runs
thru the entire pharynx and opens at the dorsal and ventral ends.
In a caudal view of the pharynx (Fig. I) of H. haemorrhoidals a
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distinct, truncate notch occurs at its dorsal end and Just ventrad
of this notch is located a pair of minute, circular openings fd).
On the left margin of this pharynx a very ,di stinc t ,hroad flange
can be seen over which the functional, asymmetrical , maxillary
seta (mx.s.) passes.
In a sagittal section thru the meson of the pharynx one can
best see the structure of the pharynx. In such a section (Pl-5,
Fig. J) we see that the ventral .tubular portion is a tube, for
a distinct lumen (1) runs thru its entire length and as far as
can be determined the tube is made up of one piece. In the re-
gion of the dorsal half the tube thickens and bulges caudad.
Ectally there is a distinct convexity while the ental surface is
concave. Into this concavity the concave plate (cm.) of the
cephalic side fits. This plate is more or less membranous and
is connected on all its edges to the margin of the concavity by
means of an elastic membrane. The plate (cm.) and its con-
nection (me.) is indicated in (Fig. G.and J.) by stippling.
Stained sections show that the plate and its connection is some-
what more membranous than the remainder of the pharynx. To the
ectal surface of this plate large muscles (d.m. ) are attached.
The larger muscles (v. d.m.) connect wit 1' the ventral portion of
the plate while only two small strands (d.d.m. ) connect in the
region of the dorsal half. Of the large muscles ,the larger
group in particular has a chitinized tendon (ch.) while the re-
mainder fray out into a number of 'small tendons before attaching
themselves to the plate. The muscles just described attach
themselves to the ventral and cephalic areas of the head-capsule

i
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and in their cehpalic extension occupy a large part of the space
in the ventral region of the head.
The function cf these muscles (a.m.) is to dilate the pharynx
and thus they may he termed the dilators of the pharynx. When
the large muscles contract the plate to which the muscles are
attached is pulled cephalad and out of its resting position and
in this way the pharynx is dilated. During this dilation a par-
tial vacuum is formed and thus the plant .juices are sucked into
this concavity. While this first response is tarring place the
lumen of the oesophagus at the dorsal end of the pharynx must be
closed. Thus far no indications of muscles have been found that
would keep this closed. The passage at this point is very min-
ute and thus the pressure would not he very great. After the
contraction of the muscles, the plate (cm.) must he brought back
into its normal position by its own elastic nature for no mus-
cles were found that could bring the plate back into its rest-
ing position. As the plate responds to its elastic condition af-
ter the relaxation of the muscles, pressure is brought to bear
upon the food in the cavity and at this point the opening to the
oesophagus is relaxed and thru this opening a portion of the liq-
uid nourishment passes into the oesophagus. The above description
of the way in which suction takes place is merely an inference
based upon the structural arrangement. However, the important
point is, that the large muscles dilate the pharynx and such
dilation results in suction.
£o far as I have been able to ascertain the two small, cir-
1
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cular openings (d) on the dorsal end of the caudal aspect of the
pharynx are the openings for the salivary ducts (See later dis-
cussion on Salivary Glands. )
In general the pharyngeal structure of Cephalothrips yuccae
(Pl-3, Fig. 7; Pl-4, Fig. 9, 10, 11 and 12; PI -5, Fig. IS), -
corresponds with that of H. haemorrhoidalis . A few detailed
structures shew, however ,a greater degree of specialization and
these will he treated of in particular. In the first place, the
pharynx of C. yuccae is not actually as large as the pharynx of
H. haemorrhoidalis even tho the head of C. yuccae is much larger
than that of H. haemorrhoidalis. The pharynx is ahout as long
as the labium and is strikingly ham-shaped or gourd-shaped. The
ventral end is tube-like , while the dorsal half, from a cephalic
or lateral aspect (Fig. 9 and 12), has a width ahcut twe-
thirds that of the length of the enlarged portion.
In a sagittal view (Fig. 13) it can be seen that the parts
held the same relation as those in H. haemorrhoidalis. The
caudal piece of which the tube is a portion of, is a continuous
one and has no distinct caudal bulge in the enlarged region. Two
minute circular openings (d) occur on the caudal aspect in the
ventral half of the enlarged portion (See Salivary Glands). The
dorsal area of the pharynx cf C. yuccae is bulged cephalad
(Fig. 12) just ventrad of the location cf the plate. In a
sagittal (Fig. 12) section this bulge of the dorsal end is very
distinct. Thus far a few marked differences between the pharynx
of C. yuccae and that of H« haemorrhoidalis have been noted
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but the moet striking difference exists in the structure of the
plate (cm.) which is located in the cephalic concavity of the
enlarged portion and the muscle arrangements on this piste.
The plate (fig. 9, 11 and 12) in C. yuccae is of an invert-
ed T-shape. The cross of the T corresponds to the plate (cm.)
which is submerged (Fig. 11) in the concavity and is attached
on all sides to the margin of the concavity "by a somewhat mem-
hranous , elastic tissue. In stained, transverse or sagittal
sections the plate and its connections show a light "blue stain,
if stained with Ehrlichs acid haematoxylin. This indicates that
the protoplasmic content is high. The stem of the T corres-
ponds to an elevated chitinous ridge on the meson of the plate.
This ridge (r. ) is swollen at its distal edge and in a lateral
view (Pig. 12) is exposed .just a trifle when the plate is sub-
merged. To the ventral and dorsal ends of this ridge muscles are
connected. The ventral muscles or ventral dilators of the
pharynx (v.d.m. ) are longer, larger, and composed of more strands
than the dorsal dilators of the pharynx (d.d.m.). The ventral
dilators are not directly attached to the mesal ridge of the plate
"but they attach themselves to a distinct chitinized piece (ch.
)
that extends cephalad from the ventral end of the mesal ridge
(r.) of the plate. The majority of the strands of the ventral
dilators of the pharynx connect with the cephalic end of the
head-capsule in the region of the vertex. The dorsal dilators
of the pharynx (d.d.m.) connect directly with the dorsal end of
the ridge and are much shorter and smaller than the ventral dilat-
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ors (v.d.m.). Their attachment (d.d.m. ) to the heed-capsule is
in the caudo-ventral area (fr. ) just cephalad of the elypeiis
.
This definite arrangement of muscles was not found in H. haemor-
hoidalis hut possibly the 'somewhat central attachment to the
plate of the large dilators (v.d.m -? ) and the two small strands
(d.d.m -?) that connect with the plate in the dorsal half might
suggest the beginnings of such an arrangement as we find in C.
yuccae
.
The dilating muscles of both species in stained sagittal
sections show their nuclei very distinctly and their cross
striated character. The striations in C. yuccae are very close
while in H. haemorrhcidalis lighter colored, transverse bands
occur at frequent intervals.
On account cf the above structural modifies tiens in C.
yuccae, possibly a more successful sucking apparatus has been de
veloped than that existing in the more generalised H. haemor-
rhoidalis. I believe the manner in which suction comes about in
C. yuccae to be on the same plan as occurs in H. haemorrhcidalis.
When suction is taking place the most logical inference is that
the dorsal end of the plate (cm.) is more or less fixed and
acts as a hinge, while the ventral end cf the plate is being
dilated by the large, ventral dilators (v.d.m. ) cf the pharynx.
As the ventral end is dilated to the length cf its membranous
extension a partial vacuum is formed in the pharyngeal cavity
and into this cavity is then sucked the liquid food in which
the apex of the heed cone is immersed. It should be here men-
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tioned that a distinct kink or notch occurs in the oesophagus
at the snail beginning of the oesophagus. Such an adaption
will naturally aid in keeping closed the oesophagus while the
first step of the process of sucking is taking place. As the
pharyngeal cavity becomes filled the large, ventral muscles
relax and the elastic nature of the plate then brings to "bear
pressure upon the endosed liquid food. At the sane time the
dorsal dilator of the pharynx raises the dorsal end of the plate
and the opening to the oesophagus being relaxed the food is
forced dorsad into the dorsal part of the pharynx and on into
the oesophagus. Such is a possible way in which food may be
taken into the alimentary canal.
Salivary Ducts and Glands (Pl-5, Fig. J and 13; 11-4, Fig.
H and 12.). - The discussion cf the salivary glands in the des-
cription of the pharynx was omitted in order that the ducts and
glands of the two species might be considered in one place. In
the description of the caudal views of the pharynx a minute
pair of circular openings, (d) v/as noted on each pharynx. As
far as I have been able to ascertain these arc the openings
for the right and left salivary ducts.
In sagittal sections it has not been possible to trace in
any one section a complete connection cf a gland with these
paired openings. The best I have seen as yet is the existence
in C. yuccae of a very short tube extending dorsad from one of
these openings almost to the commissures, while in other sections
I have found a similar tube dorsad of the commissures that ex-
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tend caudad and connect with the salivary glands that lie laterad
and somewhat ventrad of the alimentary canal. This same kind
of evidence has "been found in H. haemcrrhoidalis and I feel war-
rented in saying that these are ducts fs.d. ) of the salivary
glands and that the glands (s.g. ) pour their secretions into the
pharyngeal cavity thru the circular openings (d) on the caudal
aspect of the pharynx. Assuming this to he true the salivary
ducts run parallel with the oesophagus hack into the thoracic
region where in the case of H, haemcrrhoidalis the ducts connect
with the "branched salivary glands (s.q.) that lie laterad and
somewhat dorsad of the alimentary canal. In C. yuccae the ducts
hold the same relative position and connect with a simple,
straight, glandular tube (s.g.) that runs parallel with the ali-
mentary canal and is located laterad and ventrad of it-. As the
ducts run parallel with the oesophagus in the region Of the
commissures it should have been mentioned that the ducts (s.d. )
are located laterad of the two commissures that connect the
suprao esophageal ganglion and the suboesophageal ganglion.
If the salivary secretion is poured into the pharyngeal
cavity it can hecome thcroly mixed with the liquid food before
the food is passed into the oesophagus. Possibly the salivary
secretion is even forced out into the puncture made by the pierc-
ing organs. This fact is here mentioned because it may help
to explain the fact the when thrips puncture colored flowers and
green leaves a colorless or yellowish area forms about the
punctiire. This bleaching may in part be due to the action of

-50-
the salivary secretion upon the plant tissue about the puncture.
It is hoped that in the further sectioning of material more de-
finite evidence may be found in regard to the connection of the
salivary glands.
With the observations made thus far, the brief description
given above of the pharynx, salivary glands, etc. brings into
relation the structure and function of these parts in the two
suborders of Thysanoptera. As to the homology of these parts
with similar organs of Hemiptera and other insects I do not wish
to make any definite statements in this preliminary report. How-
ever, on the few comparative observations that have been made
I feel that the parts found in Thysanoptera will readily homolo-
gies with the corresponding structures in other insects. In
the sectioned and stained material used for observation many
interesting parts have been made clear and I expect to do more
work with other forms along this line.
As seen in the foregoing discussion manjr points of observa-
tion need still to be made, likewise, in the region, of the
pharynx a more detailed study needs to be made for a peculiar
structure exists just caudad of the pharynx near its ventral end.
This structure shews particulary v/ell in sagittal sections of H.
haemorrhc idalis . As to the exact nature of this structure noth-
ing definite can be said but it is very suggestive of the struc-
ture found in Hemiptera called the salivary syringe (Muir and
Kershaw). Other interesting internal structures can be seen very
readily in sectioned material. Of t] ese I cannot refrain from
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mentioning a few important ones . In Thysanoptera the ganglia
(Fig. J and 15) of the nervous system are exceedingly large in
eamparison with the ganglia of other insects. In sagittal sec-
tions of C. yuccae a few exceedingly large, globular nucleated
cells (Fig. 13 - oy. ) exist about the oesophagus Just dorsad cf
the place where the oesophagus passes "between the two commissure
of the supraoesophogeal ganglion (supra.) and the suboesophageal
ganglion (sub.). These resemble in a marked degree oenocytes
found in other insects.
vii. conclusions
This paper is but a preliminary report upon the ectal shele
ton cf Thysanoptera. As the subject indies tes , the study cf the
morphology of the head and mouth-parts only has been atiempted.
In this paper the whole investigation narrows down to a compara-
tive discussion of the head and mouth-parts cf the two suborders
cf Thysanoptera. Cephalothrips yuccae has been used as a type
of Tubulifera and ITelicthrips haemorrhoids lis as a type of Tere-
brantia. Of the two suborders, Terebrcntia. is the more general
ized and from this view point the parts have been discussed.
In respect to the fixed parts of the head the following points
need emphasis.
I
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In Terebrantia the caudo-ventral margin of the head-cap-
sule is decidedly more asymmetrical than that of Tubulifera.
All the head -capsules of Thyeanoptera examined had more
or less prominent caudal arms (c.a.) but those found in Tubuli-
fera are much more pronounced than the caudal arms found in
Terebrantia
.
The clypeus and labrum are very distinct and similar in
both suborders. The clypeus is the large, mesal, triangular
portion of the mouth-cone, while the labrum is the small, convex,
concave piece which fits about the left, maxillary seta (mx.s.)
as it is extruded from the mouth-cone. In Tubulifera the clypeus
has a distinct notch on its left, lateral margin, while the cly-
peus of Terebrantia is a decidedly, asymmetrical triangle.
In the development of the internal head-skeleton the most
striking differences exist in the two suborders. In the sub-
order lubulifera long, mesal, tentorial arms (x,y, x-1, x-2
and x-3) exist, which help to support and guide the paired,
piercing organs. The only piece in Terebrantia that can be
homologous with the internal mouth-part-supports of Tubulifera
is the y-shaped piece (y) found caudad of the pharynx. The in-
ternal thickenings found on the caudo-ventral area of the head-
capsule are decidedly similar in the two suborders- In Tere-
brantia the thickenings on the left are three branched (z-1, z-2,
and v.), while on the right there are only two branches (z-1,
and z-2), the cephalic branch (v) being lost. In Tubulifera
there are three branches on both sides (z-1, z-2, and w. ) Cf
the above branches the caudal and middle branches (z-1 and z-2)
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are homologous in the two suborders. In the Tubulifera the pair
of cephalic branches (w) are merely cephalic growths of the
caudal branch (z-2) "brought about as adaptations necessary for
the functioning of the excessively large mandibular setae. In
Terebrantia the one left cephalic branch is an indication of a
generalized condition for it connects the thickenings about the
mouth-cone (z) with the distinct invaginations found on the
ventral side of the head. On the ectal surface of the head- .
capsule two pairs of distinct invaginations (i) occur on all
species examined. One pair is always located caudad of the meso-
caudal angles of the compound eyes and the other pair is always
near the distal end of the caudal arms (c.a.) of the head-capsule.
The respective pairs of invaginations are without question homo-
logous thruout all thrips. Theee invaginations are associated
with their respective internal head structures, consequently,
when the internal head-skeleton has been worked cut then these
invaginations may be correctly designated. Furthermore, as men-
tioned before certain mouth-parts are always associated with cer-
tain internal head structures and invaginations,, therefore, when
the internal head-skeleton is correctly interpreted and the re-
lation of the mouth-parts to the tentorial structures and in-
vaginations has been decided upon, then light Will be cast upon
the interpretation of the questionable mouth-parts.
Of the movable parts of the head no striking variations oc-
cur in respect to the antennae or labium.
In taking up mandibles and maxillae at this point it would
make the concluding statements too detailed to review the dis-
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cussion of these parte as we did with the internal head-skeleton,
consequently only the "broad, general conclusions will "be men-
tioned.
The .most important conclusion reached is that in the two
suborders the paired piercing organs (m.s) are homologous and
the asymmetrical, piercing organs (mx.s.) are homologous. This
homology is based upon a comparative study of the structure and
position of the respective parts. This conclusion does net
agree with the suggestion offered by F. Iiuir and J. C. Kershaw,
that possibly in the two suborders the left asymmetrical mouth-
seta of Tubulifera is a part of the maxillae, while in Tere-
brantia it is a mandible.
In this preliminary report no definite conclusions can be
offered in respect to the correct interpretation of the piercing
orgens. All that can at present be said is that the evidence
for the interpretation offered by F. Lluir and J. C. Kershaw is
possibly more conclusive than that offered by H. Carman. F.
Tluir and J. C. Kershaw consider the asymmetrical, piercing organs
(m.s.) as portions of the maxillae and the paired, piercing or-
gans as mandibles. Personally, I do not consider the evidence
advanced by either H. Garman or F. Muir and J. C. Kershaw suf-
ficient to prove either of their positions as correct.
Especially is this true when both suborders are .taken into con-
sideration. In this investigation I am reasonably sure that
the true interpretation can be reached by a thoro study of
the relations of the mouth-parts with the internal head-skeleton.
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Homologizing the mouth-parts and internal head-skeleton of
Ihysanoptera with like parts in generalized Hemiptera should
also aid in reaching the true interpretation.
In regard tc the pharynx it should he mentioned that a
distinct pharynx v/as found connecting the oesophagus with the
mouth opening. The pharynx is so constructed as to aid in suck-
ing in the food. Connected to the pharynx are large, dilating
muscles and into the caudal aspect of the pharynx a pair of
salivary ducts enter. These ducts lead hack into the thorax
and connect with salivary glands.
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VIII. EXPLANATION OF PLATES
Plate 1
Fig. 1. Ventral viev; cf the head of Cephalo thrips yuccae.
Fig. 2. Dorsal viev/ of the head-capsule of Cephalo thrips yuccae.
Fig. Lateral viev/ cf the left side of the head cf Cephalo-
thrips yuccae.
Fig. 4. Antenna cf Cephalo thrips yuccae.
Plate 2
Fig. A. Ventral viev/ cf the head cf Heliothrjps haemorrhcidalis.
Fig. I
.
Dorsal viev/ of the head-capsule of Helio thrips
. haemorrhoidalis
.
Tig. C. Lateral viev/ cf the left side cf the head cf Heliothrips
haemorrhcidalis
Fig. D. Lateral viev; cf the right side cf the head cf Helio-
thrips heamorrhcidalis
.
Fig. E. Antenna of Heliothrips haemorrhcidalis.
Plate 3
Fig. 5. Ental viev of the ventral and lateral portions of the
head-capsule and mouth-parts of Cephalo thr ips
yuccae. Pharynx and y-shaped internal hea^-
skeleton removed.
Fig. 6
.
Ental viev of the left maxillary sclcrite.
Fig. 7. Ental viev; cf the ventral and lateral areas of the mouth-
cone. Labium and piercing organs removed.
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•*"D 6. Sntal view of the right maxillary sclerite.
Hate 4
Fig. F. Ental viev; cf the ventral and lateral portions of the
head-capsule and mouth-parts of Heliothrips
haemorrhoidalis. Labium removed.
Fig. G • Cephalic viev; cf the pharynx of leliothnps haemor-
rhoidalis .
Fig. H. Lateral viev of the pharynx of Heliothrips haemor-
rhoidalis .
Fig. I
.
Caudal viev; of the pharynx of Keliothrips haemorrhoi-
dalis
.
rig. y Cephalic viev/ of the pharynx of Cephalothrips yiiccae.
Fig. T /""\10 Caudal viev; of the pharynx of Cephalothrips yuccae.
Fig. 11. Transverse section of the pharynx of Cephalothrips
yuccae thru line x - y in Fig. 12.
Fig. 12. Lateral viev/ cf the pharynx of Cephalothrips yuccae.
Plate 5
Fig. J. Sagittal section cf the head and part cf the prothorax
of Heliothrips haemorrhoidalis
.
Fig. 13. Sagittal section of the head and part cf the prothorax
of Cephalothr j ps yuccae.
Fig. 77" Caudal viev of the labium of Heliothrips haemorrhoidalis.
Fig. 14. Caudal viev; of the labium of Cephalothrips yuccae.
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VIII. LIST 01 ABBHEVIATIOUS
ant. Antenna,
c. Clypeus.
c.a. Caudal arms of the head -capsule. • '
ch. Chitinous structure.
c. l. Clypeo-labral suture.
cm. Chitinous and membranous plate of the pharynx.
d. Opening thru the caudal aspect of the pharynx for the
salivary duct,
d.d.m. Dorsal dilating muscle of the pharynx,
d.m. Dilating muscles of the pharynx.
f
.
Fold in the clypeus located at the point where the
mouth-cone turns ventrad and projects at right
angleE to the head.
f. c. Fronto-clypeal suture.
fr. Front of the head-capsule.
g. Gena.
h. c. Head-capsule
.
i. Invaginations of the arms of the tentorium.
1. Lumen-Canal in the oesophagus and pharynx,
lb. Labium.
lb. pi. Labial palpus.
I.e. Lateral extensions on the pharynx,
l.m.x. Left maxillary sclerite.
lr. Labrum.
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n. Menturn.
me. Areas that ere membranous
.
m.s. /andiblular sets ( e ) or elongated mandibles.
mx.pl. Maxillary palpus.
mx.s. '/.axillary seta-Piercing organ arising from the left
maxillary sclerite.
o. Occiput of the head-capsule,
oc. Ocellus,
oe. Oesophagus,
oy. Oenocytes.
p. Pharynx,
p.o. Po^torbital setae.
p.s. A prothoracic sclerite against v/hich the acetabulum
of the caudal arms fits,
q. Conical projections on the ento-ventral surface of
the head-capsule,
r. Elevated ridge arising from the plate (cm.) of the
pharynx.
ri. Reticulations on the ectal surface cf the head of
H. haemcrrhoidalis
rt.mx. Right, maxillary sclerite.
r.mx.s. Right, rudimentary, maxillary seta,
s. Suture.
s.c. Sense cones of the antennae.
s.d. Salivary duct connecting salivary glands v.'ith the
openings (d) in the pharynx,
s.g. Salivary gland.
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s .m. Submentum.
supra. Eupraoesophageal ganglion.
sub
.
Suboesophageal ganglion.
t. Thorax.
v. The single, left, cephalic branch cf the thickening
on the head-capsule cf H. haemorrhoidalis.
v.d.m. Ventral, dilating muscle of the pharynx. •
Vt
.
Vertex of the head-capsule.
77. Faired, cephalic branches of the thickening on the
ental surface of the heed -capsule of C. yuccae.
-
...
~»W-l
.
Enlarged cephalic endings of the paired, cephalic
branches of C. yuccae. Ball and socket joints
are located in these enlarged endings.
X. Long, parallel, inesal strips in C. yuccae that aid in
guiding the mandibular setae, (m.s.)
X-l
«
The plate-like, cephalic ending of the mesial strips
(x) m C. yuccae.
x-2 • Triangular plate in the mouth-cone from v/hieh the me-
sal strips (x) arise.
X-O. Dorso-lateral arms extending dorso-laterad from the
triangular plate (x-2) and solidly united
with the lateral edges of the maxillary sclerite.
A y-shaped piece located caudad of the small, ventral
end of the pharynx.
z
.
Thickening along the v entro -caudal margin on the
.ental surface of the head-sapsule
.
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z-1. The lateral extending branch of the thickening (z).
z-2 The caudal extending "branch of the thickening (z).
This branch extends caudad on the ental
surface of the caudal amis (c.a.) and
unites with the invagination (i) on the
caudal arms.













